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Flight Highlights

» Three-point Lagrangian opportunities: 19/7 + 25/7
28/7 + 29/7 and 31/7 + 1/8.

» Two-point Lagrangian opportunities: 17/7, 20/7 (fire).

» Forest fires: 15/7, 19/7, 20/7, 31/7 (with strat), 1/8.

» Pico flypass: 15/7, 17/7, 19/7, 31/7, 1/8.

» Comparisons: 28/7 (DC8), 3/8 (Falcon).

» ENVISAT underpass: 22/7.



B028 — 12/7/04 — Fire plumes in SW approaches

B029 — 15/7/04 — W to E Low level pollution + forest fires

B030 — 17/7/04 — First Lagrangian opportunity, - skimmed P3 air
B031 - 19/7/04 — New York plume + fire layers

B032 — 20/7/04 — Dominated by Alaskan fires, low T

B033 — 22/7/04 — ENVISAT underpass / cyclone

B034 — 25/7/04 — Re interception of NY plume + African outflow
B035 - 28/7/04 — DC8 comparison / air exported by wcb

B036 — 29/7/04 — Upper level export in wcb from US + fires higher T
B037 — 31/7/04 — low level wcb sampled by P3, + fires + strat
B038 — 01/8/04 — low level wcb 2

B039 — 03/8/04 — Transit / Falcon intercomparison



ITOP data coverage



Overview of U.K. activities

Complete ITOP campaign ozone as a
function of altitude. Coloured by flight.
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NMHC variability — campaign overview
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Forecasting target for upstream domain
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Forward Trajectories from NOAA P3 flight track
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Analysis: Second interception of polluted airmass from USA

ram D0Chr met forecaost
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« NOx emissions tracer on 925hPa at 12UT 19/7
with BAE146 (air mass relative) flight track overlaid.

* Indicates high emissions into low level outflow
from East Coast USA.



Did the aircraft make the interception?

Traj release 10:32 te 16:13 UT 18,/07 /2004 T=8.000 days
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Was the Quasi-Lagrangian expt successful?

Trajectories based on analyses show that downstream aircraft
flew very close to air masses already sampled upstream.

Is observed AOs (1) > instrumental error (comparison flights)?
> uncertainty in value at origins, Oz (to- t)?

What is the sensitivity of AO; to initial conditions, reaction
pathways, mixing history, ...?



Alaskan Biomass Ples: IRy

PAN & CO were extremely elevated
within the plume and displayed a
strong, positive correlation
Ozone seemed somewhat
suppressed within the plume

+ PAN-Ozone correlation
Elevated PAN (=1 ppbY)
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Plume Comparison

B032 Plume

1.72 ppbV

O, 92 ppbV

CO 261.2 ppbV.

(PAN/NOy)*100 39 %

Temperature 263.4 K

B036 Plume
0.43 ppbV
133 ppbV

132.8 ppbV

15 %

268.0 K




Work in progress

Lagrangian matching using tracers + trajectories. (Reading / Leeds / York)
PAN / ozone model studies. (Leeds / York)

3D model diagnostics of ozone (Cambridge)

Box model / trajectory calculations of 0-VOC production (Leeds)

HOXx determinants (Leeds)

Aerosol composition analysis (Manchester)

Lagrangian model to investigate sensitivity of trans-Atlantic AO, to:
- Mixing rate
- Cloud cover

- ECMWEF water vapour

- NMHC complexity

- Initial conditions

. Constraint of mixing term through hydrocarbons.

. Full Monte-Carlo analysis using Lagrangian model.

. Can reduced chemical mechanisms describe the observed

change in composition or is complexity unavoidable?






UK ITOP flight by flight summary



B029: 15/07/04 Low level pollution and fires
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B030: 17/07/04 First Lagrangian opportunity

Accumulated NGx  (ppbv} 875 hPa
Release on 12UT 17/07/2004 fram 00Chr met forecast
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B031: 19/07/04 “New York plume”

Target sampled by P3 on 15
July (on limit of range)

Accumnulated NOx  [ppbwv) S50 hPa
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Latitude

B031 continued: thin brown fire layer

02 hPa
Release on 12ZUT 19/07 /2004 from 00Chr met forecast
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Narrow filament and thin layer - visibly brown.
Adjusted altitude to stay within layer.

Originated from UT above Alaskan forest fires
(but diluted by mixing while thinning).



B032: 20/07/04 Alaskan forest fires

ssure  (hPa)

Pra
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Alaskan fire plume with CO up to 600ppb.
Similar plume was intercepted by P3 on 15
July (but not same air mass).

Was targeted on 23/7 by Falcon.



B032 NHMCs
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B033: 22/07/04 ENVISAT underpass

Release on 12ZUT 22/07 /2004 from 0QChr met ferecast
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B034: 25/07/04 African air
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B034: 25/07/04 African air

CO ozone time series
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B035: 28/07/04 Comparison with DC8

Accumulated NOx  (ppbv} 425 hPa
Release on 12UT 28/07 /2004 fram 0Q0hr met forecast
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B036: 29/07/04 Upper level export in WCB

Accumulated NOx  (ppbv) 425 hPa
Relegse on 12UT 29/07/2004 from 000hr met forecast
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B036 continued: WCB features

425 hPa
fr A0hr met forecast

—36 —27

Observed line of convection
(dashed line) was parallel to
feature lying to south at upper
levels (figure above)

Narrow line of deep convection
— BA146 flew along south side
and then a deep profile on north
side




Flight B036

Passang north past west

Pazaing through South edge of WOR e linz of comeection
line of convestion ..

b

|
[
PI | i 1L
¥ . _ U

Ilore polhated
notih edges of WCH

Acetone and

B grat-] 12 2%
Time (UT1hrs

0.8 / Ethane
0.7

el ).
N
LIV

|

0.2 T T
11:15:00 11:43: 43 121236 5——'-———_.
S SIS S SR SR O NS DR B

conesniration ppty




B037: 31/07/04 Low level WCB (1)

Accumulated NCx  (ppbv) B50 hPa
Release on 12ZUT 31/07/2004 from 0QChr met ferecast
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B037 continued: forest fire mixed with stratospheric air
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Accumulated MNOx  [ppbv) 700 hPa
Release on 1ZUT 01/08/2004 from 000hr met forecast
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Possible multiple interception of New York polluted airmass: 1

Intercepted by DLR Falcon
off NW corner of Spain on 22/7
(saw CO ~ 90-100ppb).
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Sensitivity Analysis

Use Lagrangian model to investigate sensitivity of trans-Atlantic
AQO; to:

- Mixing rate

- Cloud cover

- ECMWF water vapour
- NMHC complexity

- Initial conditions




Mixing Rate

More NOx mixed into air mass = more ozone produced




NMHC complexity

ey + acetone + C,-C,

/+ acetone

BN
| Stan_dar_g:l NMHCs

Formation of PAN through NMHC oxidation
= Jess NOx avallable for ozone production



Conclusions

> Trajectory forecasts are sufficiently accurate to execute
intercontinental Lagrangian experiment.

» Uncertainties in observed AO; and air-mass matches influence
diagnosis of trans-Atlantic photochemical AO;.

Investigations Underway

» Constraint of mixing term through hydrocarbons.
» Full Monte-Carlo analysis using Lagrangian model.

» Can reduced chemical mechanisms describe the observed change
in composition or is complexity unavoidable?
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|dentifying Lagrangian Opportunities

» Selected out of ~30000 trajs from each domain based on criteria:

1. Passing within range of 2 or 3 bases (Pease, Azores, Crell),
2. Accumulated NOx emissions > threshold (along back trajs),
3. Further NOx emissions < threshold (along forward trajs).

(surface emissions [EDGAR] are picked up within BL as defined by ECMWF forecasts)

Example
Forward trajs from US domain

Release time 12UT 15 July 2004
Based on ECMWEF forecast from
12UT 14 July 2004




The first Lagrangian opportunities

088 hrs into met forecast

7/07 /2004 048 hrs Inta met forecast Back trajs from 12UT 18/07 /2004

Bock traja from 1207 1

Back from Europe 12UT 22/7
£ ‘;g 19/7 o E
Back from Azores 12UT 17/7 Back from Azores 12UT19/7 | " S=7—7%

Longitude (degrees)

Based on ECMWF forecast Same met forecast (T+096) S ot 17 224 s el 024
from 12UT 15/7 (T+048) e ERE N
e 238 )
Note: Back trajectory calculations use wind analyses for S R
dates earlier than start of ECMWF forecast. —
Note similarity between trajectory forecasts with different
lead times (on right). Air masses are predicted to slow |
down after Azores in later forecasts. e slower




Sample collection
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